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Copper-alloy and sliding bearing having improved seizure resistance" 



(57) A sliding bearing having improved seizure re- 
sistance has the following structure. 

(a) A bearing layer (2). It comprises a copper alloy 
containing in a Cu matrix Ag, Sn. Sb. In, Mn Fe Bi 
Zn, Ni and/or Cr. • . . 



(b) A fisrst sub-layer (3) of the bearing layer (2) It 
(3) contains concentrated element, hexagonal com- 
pound or eutectic of said element(s) 

(c) A second sub-layer (2a) in which said element 
in essential solid-solution state. 

(d) Metal backing (1) 



Fig. 
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D scription 

BACKGROUND OF INVENTION 
^ 1. Field of Invention 
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2. Description of Related Art 
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bearing. ,h, ov„tey „L. oo. in a Zn^, J,?'l'orc'T "'"^ "I "^^ -l«"9 

Lead particles contained in ih» t^.^T required for the compatibility, 

surface. Th'e lead parCrHib.t TherJ^ :Tu:SL1retn? ^" '"^'^ ^ '^'^ - sliding 

under the recent sliding condition v^^ich be;orle3lo,^^^^^^^^^ 'T'°" 

enhance the seizure resistance of the convention^, ke.r^eT^hev are Ihh'' A '"^^ '^^^'^ ^° 

P. Al or the like, adding Bi which has good corripaTb Wv^ddino . .p^. 7 ' """^^'"^ ""'^"'^'"S ^'-^^^1 such as 

r~-ari=s~ 

foaming of the low-viscosity engine-oil. oMheTe The Love rl? , .^L' molybdenum compound for preventing 
decompose the hydroperoxide which is formL by tie oJdat.o^^^^^^^ diallcylmonosulfide is believed to ionicaify 
additives are also pointed out. For example TeZTbas^f^Zl T f, ' ejects of the 

of its use is. therefore, limited. In addition it ts^dm^me sulfate-ash or sludge. The amount 

on the performance of the bearing metaT' 'oam.ng-preventing agent may exert a detrimental effect 

agent, and thiozinc-phosphate. dithiocarbama e molybSn^m sulfide i^^^^^^ ' ^"""^"^^^^^ ^'^^^me pressure 

Into the transmission oil and the gear oil olefin sulfide suHuSpH o Tr.^^ organic-metal anti-wear agent, 
pressure agent, and thiozinc-phosphate or dtear^^^^^ 

wear agent phosphate-esteramino-satt as the pSorr^^^^ ' ^"'^^'^ organic-metal anti- 

0.37 to 1.7% in the commercially availal^e Jl a, present The sulfur concentration ranges from 

S.4 maZar i rcrrc°orerare1^rpr^^^^^^^^^ r°^'- - - -P^-sed 

us No. 4.878.768. The deteriorTt^lXruses '''' IT' '"^^ P^'^"' aPP«cations. 

.he Skeleton of the Cu-Pb based ^SS^lloy used as a ''''''h'' " '^'^"'"'^^^ 

corrosion. In is added to the Pb phase. ^ ^^^""^ °' ^ «"9'"« °^der to prevent such 

Japanese tJnexamined Patent Publication Wn 7 iiQ-7-7-r . ^ 
Which is based on the sintered coppe Srconsisfiro/L^^^^^^ 

graphite, and from 0.5 to 6% of one or rS^°e of liS °h p C t ^"'^ '° °' « ^ to 6% of 

2n is added in the above-mentioned amZtto prefentl^^'co? ' ^ k"^ "^"^"^ '^'"^ ^" application, 

transmission oil forms CuS on the surface of the copper ''^^ deteriorated 

.-r."arg ^a^^dT^rfir ^li ^^^^^^^ - 

and the lead phases o, the ke.met are Chang d into ^ J" rTX"' '^^^ ^ -'^ '^e '"bricating oil. 

a nio pores, th r by lessening the strength of the kelmet and thus 
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the above-mentioned sutfur-based addit^es was used I^hJ^^^ sl.d.ng mater«l. in which the lubricating oil with 
an actual machine. It was then recognized 'har^e tS. H ? reproduces the usage conditions of 

10W-30) greately increased as foltows ^^"^ °' '"^"'^^""S °" (^i^se'^nQine oil. CD grade. 
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Time 0(h) 1 50(h) 


100(h) 


150(h) 


220(h) 


Total acid number (mg KOH/g) 
Strong acid number (mg KOH/g) 
Total base number (mg KOH/q) 


1.3 
0 

3.8 


6.4 
0 

0.5 


18.0 
0.1 
0 


21.5 
0.2 
0 


22.3 
0.3 
0 



IS 



r 



The Ni barrier which has been hPr^towT T' ! ® satisfying the compatibility. 

and in from the overia l^to the P. phTse J, :trnVa:;h2 "^'7 °', "^'^'^^ °' 

the kelmet a. a high level. On the other hand when he Ni h2 ^ °' '"^'"•^'"*"9 ^^e corrosion resistance of 

to occur because Of poor seizure resistance of Ni " ^'«-^--"'ageous^ likely 
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sistance of the surface of various meS ic mafeHarcan br-H^^^ '"^ ^^^^ 

antlcipated that the material developmen from t f «"hanced by utilizing the vitrification phenomena. It is 

started already extensive stud's roThl^eTe Sc^r^^^^^ Tin'' '^'^'"^'^^ "^"^^ P'^^^"' ^^ve 
particular elemen,(s) and modifying the surface of Sg' ' °' copper-alloy surface by means o, adding 

SUMMARY OF INVENTION 

exhlbils impraved seizure resis.ance. ' ^""P'i"= » <!OPPer alK, and which 

ol Ihe presenl mvenlion are allahed ou.ermosl surface lays, of Ihe copper alloy layer. Ihe objects 

" x"e r.^ "^a/iv^"' » - ~ 

I nere is also provided a bearing comprising: 

a backing metal on which the beanng layer fs bonded '^'^""'"^ " ""''^ ^'^'^^ 

There is further provided a solid-type bearing comprising- 

bonded on the metal backing. essentially ,n a solid solution state, which bearing layer is not 

There is further provided a sliding bearing comprising: 

v..,.,o,b,,j.p:^rdr«°r;rjrsr:^^^^^^^^ 
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There is further provided a sliding bearing comprising; 

'f There is further provided a sliding bearing comprising: 

There is also provided a sliding bearing, comprising 

an overlay. »tilch is locally worn ,ou, due lo Ih. Inllial breaking-h ol Ihe bearing 

» irlcion hea, while sl^Tura Se '° "'^ ""O" 9.ne,a,ed 

Ihe present invention ,s hereinafter described with reference to the drawings. 
BRIEF DESCRIPTION OF DRAWINGS 
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F^::^ ,ia"*cs?rsr:~''"'"'"'^^ 

Figure 3 is a drawing of a Bouden/Teber type stick slip tester 
Figure 4 is an X-ray diffraction chart of Copper Alloy No. 4 in Table 3 
Figure 5 is an X-ray diffraction chart of Copper Alloy No. 7 in Table 3' 
Figure 6 is a magnified chart of Fig. 5. 
Figure 7 is a magnified chart of Fig. 6. 

Figure 8 is an X-ray diffraction chart of Sample No. 5 of Table 5 
Figure 9 is a magnified view of Fig. 8. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

descirbtr""'"""'"^ t*9atlng the seizure resistanc of.heconc n.ra.ed layer ar hereinafter 
Ametaloralloy Sheet, th composition of wh^h is shown in TabI L was hea. treated. o form a hexagonal compound 
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shown in the equilibrium phase-diagram, except that No. 3 having utectic composition was not heat treated. The sheet 
was then worked in the form of a specimen (1 cm^ of the surface area. 1.0 - 1.5 pm Rz) and wash The specimens 
wer subjected to the seizure test under the following conditions. 

A tester: As shown in Fig. 2. 

Sliding Speed: 15m/s 

Load: Gradual increase of load (step mode). 500N/10 minutes 
Kind of oil: 10w-30. CD Grade 
Temperature of oil: Room temperature 

Opposed material: hardened S55G (Hv 550 - 650). roughness-0.5 - 0.8 ^im Rz 
In Fig. 2: 5 - oil-feeding pad; 6 - hydraulic cylinder; 7 - a test piece: 8 - disc: 9 - balance weight; and 10 - a load cell. 
The results are shown in Table 1. 



Table 1 



Composition {wt7o) 


Seizure Load (kg/mm^) 


Material Structure 


No. 


Cu 


Au 


Sn 


Others 






1 




/ d. 






860 


h - Ag3Sn(e) 


2 




85 


15 




840 


h - Ag-Sn(C) 


3 




3 


97 




900 


Ag-Sn eutectic 


4 




25 




Cd=75 


800 


h - Ag-Cd (e) 


5 




73 




ln=27 


880 


h - Again (C) 


6 




60 




Mg=40 


800 


h - MggAg (e) 


7 




73 




Sb^27 


820 


h - AggSb (e) 


8 




85 




Sb=15 


840 


h - Ag-Sb (0 


9 




87 




Al=13 


900 


h - Ag-AI (Q 


10 


1 




99 




760 


h - Cu-Sn eutectic 


11 


15 






Cd=85 


800 


h - CdgCu (e) 


12 


52 






Cd=r48 


780 


h - CdCug 


13 


67 






Sb=33 


800 


h - CU4 gSb (e) 


14 






95 


Cd= 5 


820 


h - Cd-Sn ( p) 


15 






79 


ln=2l 


880 


h - lnSn4 (Y) 


16 


62 




38 




830 


CuaSn 


17 






78 


0^22 


620 


Sn oxide 


18 


100 








400 


Pure Cu 


19 




100 






450 


Pure Ag 


20 






100 




420 


Pure Sn 


21 








ln=100 


420 


Pure In 



"h" in the table means hexagonal. 



As is apparent from Table 1. the compounds or eutectic of Ag, Sn, Sb. In. Al. Mg and Cd has seizure resistance 
approximately 1.5 times or more as high as the pure metal such as Cu, Ag or Sn. In No. 3 (eutectic), pure metals of 
Ag and Sn are finely mixed and the seizure resistance is high. This is due to the synergistic effect of the coexisting 
diff rent metals. Enhancement of seizure resistance due to the hexagonal compound is believed to be due to the 
synergistic effect and cleavage, as in the case of the following materials. Namely M0S2 , graphite and h-BN have 
hexagonal closest packing (hep) structure and cleavage property. The enhancement of seizure resistance due to these 
materials is attributable to the above structure and property. 

(Materials including No. 1 (h-AggSn). No. 3 (Ag-Sn eutectic). and No. 10 (Cu-Sn eutectic) of Table 1 were subjected 
to the other basic test for measuring the coefficient of friction and adhesion. These'materials are shown in Table 2 as 
Material Nos. 22. 23 and 25. respectively. The test was carried out under the following conditions. 
A tester: A Bouden/Teber stick-slip tester shown in Fig. 3 

Sliding Speed: 0.06m/s 

Load: 5N 

Lubricating Condition: application of oil 
Opposed Material: SUJ 2 (8mm in diameter) 
In Fig. 3: 11 - pin; 12 - sp cimen: and 13 - heater The results are shown in Table 2. 
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Table 2 













Stick Slip 


Adhesion Area (vim) 


No. 


Cu 


Ag 


Sn 


Others 


Generation 


Coefficient of Friction at 












Temperature ("C) 


Generation 




22 




72 


28 




170 


0.45 


300 


23 




3 


97 




165 


0.48 


600 


24 


62 




38 




160 


0.49 


500 


25 


1 




99 




160 


0.50 


700 


26 






78 


0=22 


none 




0 


27 


100 








100 


0.40 


2000 


28 




100 






180 


0.50 


500 


29 






100 




160 


0.50 


1100 



From Table 2. it is clear that No. 26 having a composition corresponding to tin oxide is most resistant to adhesion. 
No. 22. i.e.. h-Ag3Sn. has the resistance to adhesion following No. 26. No. 28 (pure Ag). and Nos. 24. 25 (Cu-Sn) have 
somewhat good resistance to adhesion. The resistance to adhesion of No. 27 (pure Cu) is the lowest. 

The present inventors conceived, based on the results of the basic experiments, an idea that the seizure resistance 
of the lining can be enhanced by means of forming on the surface of a lining the hexagonal compound(s) or eutectic 
or highly concentrating Ag, Sn or the like to such a level forming a compound. 

The present inventors further advanced the research and discovered that it is important to once solid<iissolve the 
Ag. Sn or the like in the lining before use, that is. these additive elements should not form the secondary phase before 
use. More specifically, no secondary phase should be identified, under the X-ray diffraction condition described here- 
inbelow, in the alloy's surface portion participating in the sliding. When the secondary phase is formed, no matter 
whether the solute element(s) of the copper-alloy matrix is in an equilibrium state or non-equilibrium state, the additive 
element(s) will not be essentially concentrated in the lining surface after sliding. 

The common properties of the above additive elements (1) are liable to form sulfide. (2) are liable to be alloyed to 
copper and do not considerably harden copper. (3) are highly resistant to deteriorated lubricating oil. (4) are liable to 
be concentrated on the lining surface. (5) form a concentrate having a low coefficient of friction, have improved wear 
resistance and non-adhesive property, or form a hexagonal compound or eutectic. (6) are easily soluble in the Cu 
matrix, and (7) are difficult to precipitate. 

The other elements than the above-mentioned ones, for example Ca and Na, fulfill (1) but do not fulfill (2). Pb is 
not favorable in the light of (3). Ti and V are difficult to form sulfide as compared with Cu. and therefore do not fulfill 
(1), V and W having a large mass is difficult to move in the copper alloy and therefore does not satisfy (4). 

Phase segregation of Pb and Bi occurs due to the difference in melting point between them and Cu. The so sep- 
arated phases are difficult to homogneize. Pb and Bi therefore does not fulfill (6). Mg fulfills (1 ) but does not fulfill (5). 

The essential solid solution state of the additive element(s) according to the present invention is maintained in the 
copper alloy during a certain period of use of the bearing. When the friction proceeds, the solid contact between the 
shaft. When the friction progresses, solid contact between the shaft and the lining occurs frequently. When such a 
condition is realized, the additive element(s) concentrate on the sliding surface of the lining and then react with sulfur, 
oxygen and the like. Since an element, which is liable to precipitate, easily forms a secondary phase, the amount of 
the solute element as a source of the concentrated layer becomes disadvantageously small. The condition (7) men- 
tioned above is. therefore, important, and the known precipitation-type alloys are excluded from the present invention. 
As is well known, when Ni and Si are co-present, they precipitate. In this regard, since Si is one of the impurities, Ni 
is not a precipitating element in the present invention. 

The hexagonal compound mentioned in (5) above is, particularly that of Ag, Sn, Cd. In, Mg, Sb and Al. and is. for 
example, an Ag - Sn compound (C, - zeta) with the weight ratio of Ag : Sn of 85 to 15, or its vicinity. The hexagonal 
compound is formed on the surface layer of the lining, provided that Ag and Sn concentrations in the bearing surface 
exceed those of solubility in Cu, and further, energy is imparted to the surface layer of lining, in which Ag and Sn are 
in the inventive essential solid solution state. When these conditions are fulfilled. Ag and Sn are first concentrated and 
then the hexagonal compound is formed in the surface layer The hexagonal compound enhances the seizure resist- 
ance more than the concentrated layer does. The energy, mentioned above is the bearing temperature under normal 
condition of use of the bearing, for example 120**C or more in terms of the oil temperature. The equivalent condition 
to the above-described one may be realized before use of a bearing, such that it is heat tr ated at a temperature of 
oil and subjected to pressure, which is equivalent to that from a shaft, or furth r it is subjected to temperature gradient 
equivalet to that during use of a bearing. 
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The eutectic mentioned in item (5) has fundamentally the same effects as the hexagonal compound For example 
Ag - Sn has an eutectic of point at 3.5 % by weight of Ag. 96.5 % of Sn. When the Ag and Sn are once (super-saturation) 
dissolved in the Cu-Ag-Sn alloy and then concentrate on the surface layer of a bearing. Ag. Sn and AggSn disperse 
finely and thinly on such layer, as a result that the seizure resistance is enhanced as compared with that of concentration 
5 of a single element. 

The above-mentioned additive elements according to the present invention fulfills all of ( 1 ) through (7). Particularly. 
Ag lutfills (2) - (5) to a high degree. The properties as a whole of Sn is not comparable to those ol Ag. while the property 
(5) of Sn is excellent. It is. therefore, preferable in the present invention that Ag as an essential additive element and 
the other element(s). particularly Sn. are added together In order to thoroughly concentrate the additive element(s) 

'0 on the sliding surface, the total amount of the additive element(s) is preferably 0. 1% by weight or more. 

The highest amount of the additive element(s) is not numerically limited, provided that it is essentially dissolved 
in the Cu matrix. However, the following ranges are preferable for concentrating the additive element{s) Ag 0 1 to 2% 
by weight. Sn: 1 to 10% by weight. Cd. 0.1 to 5% by weight. Mn; 0.1 to 5% by weight. Fe 0 01 to 10% by weight Bi 
1 to 30% by weight. Zn: 1 to 30% by weight. Ni. 5 to 50% by weight. Cr; 1 to 5% by weight. The following ranges are 

IS more preferable. Ag: 0.3 to 1 .0% by weight. Sn; 1 to 7% by weight. Cd: 0.3 to 3% by weight. Ni- 0 1 to 5% by weight 
Fe: 0.01 to 5% by weight. Bi: 1 to 20% by weight. Zn: 1 to 30% by weight. Ni. 5 to 50% by weight Zn 15 to 20% bv 
weight. Cr: 1 to 3% by weight. 

The amount of additive element(s) is preferably within the following ranges for forming the hexagonal compound 
or eutectic. Ag, Sn: from 1 to 10% by weight. Cd. In, Mg, Sb, AI:from 1 to 15% by weight (in the case of two or more 
elements, the sum of each content). 

Except for the elements, such as Ni and V. which form a complete solid solution with Cu. the essential solid solution 
state of the additive element(s) is preferably a non-equilibrium state in the light of forming a concentrated layer probably 
because energy, which forces the additive element(s) to precipitate out of the solid solution, would promote concen- 
tration. The concentration phenomena discovered by the present invention cannot, however, be completely elucidated 
?5 only by the general precipitation phenomenon. 

The equilibrium solid-solution amount of the above mentioned elements in a binary Cu alloy is determined by phase 
diagram (M. Hansen. Constitution of Binaiy Alloys. McgrawHill Book Company, New York. 1964) For example 0 1% 
by weight for Ag, 1.3% by weight for Sn, 0.5% by weight for Cd, and 0.05% by weight for Cr at approximately 200»C 
In a ternary alloy, a practical determination of the equilibrium solid-solution amount can be performed such that when 
'0 any one of the additive elements exceeds the equilibrium solubility of a binary alloy, the solute elements are in a non- 
equilibrium state. 

The copper alloy, which contains the additive element(s) in a non-equilibrium state, is produced preferably by the 
casting method or atomizing method. In the casting method, the melt is cooled at a cooling speed of lOO'C/minute or 
higher, which forces the additive element(s) to dissolve in the Cu matrix. The production steps subsequent to the casting 

'5 may be employed in such a manner that the dissolved element(s) are retained in the solid solution However since 
such steps must be carried out very carefully, the cast alloy, such as a continuously cast strip, is preferably used as a 
lining as it is. In the case of the sintering method, the atomized powder, which is produced by high-speed cooling of 
the copper-alloy melt, is subjected to the sintering process at a solutionizing temperature of the additive element(s) 
followed by rapid cooling at a cooling speed of 50''C/minute or more. 

' In addition to the above additive element(s). from 0.01 to 0.5% of P can be added as a de-oxidizing agent or a 

sinter-promoting agent. 

The balance of the above composition is impurities ordinarily contained in the copper, such as Si, 0 and the like 
The purity of copper may be such as that of tough-pitch copper, electric copper, electrolytically refined copper and 
OFHC (Oxygen Free High Conductivity Copper). S. which is permissible as an impurity in the copper alloy is insoluble 
in Cu and is, therefore, present as the Cu-S secondary phase. Sulfur does not impede the sulfur-based compound of 
the additive element(s), provided that the sulfur content is of an impurity level. 

When the copper-based sliding material according to the present invention is rendered in the form of sintered 
material, the sintering pores are preferably impregnated with resins. The impregnating resin which can be used is 
almost all resins used as the sliding material, preferably PI (polyimide). PAI (polyamide Imide). PEI (polyetherimide) 
PEEK (polyetherketone), aromatic PA (polyamide). phenol resin, epoxy resin, PTFE (polytetrafluoroethylene) and 
fluorine resin (PFA (copolymer of tetrafluoroethylene perfluoroalkylvinylether). ETFE (copolymer of tetrafluoroethylene- 
ethylene), and FEP (copolymer of tetrafluoroethylene-hexafluoropropylene)). The amount of resin is preferably from 
30 to 80% by weight, more preferably from 40 to 60% by weight. Porosity of the sintered material is preferably from 
70 to 20%, preferably from 60 to 40%. 

A solid lubricant, wear-resistant additive or the like can be mixed in the impregnating resin. Specifically, the solid 
lubricant, is such as graphite. PTFE. Pb. Pb-Sn alloy, carbon fluoride, and lead fluoride. The wear-resistant additives 
ar AI2O3. S1O2. SI3N4. clay. talc. TiOg. mulite. calcium carbide. Zn. AIN. FegP. Fe^B. NigB. F B. In addition inorganic 
fiber, such as glass fiber, carbon fiber, potassium tifanate fiber and the like can be us d. Organic fiber, such as aromatic 
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may be bonded on the meta. baZg .^pT^^irs" Z Te cl"" °' f> ""'^ °^ ^'"'^^^'^ 

bearing not bonded on the metal backing o' a solid 

' oveCis^'Si.:;^^^ - '^^ P-nt invention, in the lo.m ot a bush. The 

ot an internal combustion engfne. suchTatSc" ^g^^bear^ " "-^'"^^ 

'0 the overlay, the lining graduallyTars ouT^iradZp ^ '^"f^.,^^^^^^^ '^V <^^« o^^^ay Along with such wear ol 

- whrnirir ^'^~^~:!:^^^'^::^' ^"-'^ °' 

analyTe adS^e e^emfn; r-^^^^^^ " ^'^'^^"'^^^ "^^^ Spectroscopy) method to 

(s) in the concentrated regions sTLtmoie 1 sTlI L.T °' the additive element 

'5 trated layer by an analysis is IheJeo^ervbtl. ""'f^^l'''^^ alloy bulk. The detection of the concen- 

1 Mm thickness and ver^ thTn ' ^"'^ °' concentration. The concentrated layer is of approximately 

- suJl^r adc^;^^^^^^^^^^ can be applied, is not limitative at all but contains 
sulfenate. the phenategK^e below id S^^^^^^ (poly)sulfide, sulfonate, sulfinate, 
a.ive(s), sulfoxide and ifs deriva,ivi(srsrnTsu1f:n^^^^^^^^^^^ 

« s^u'f'ul^XttpSivX^^^^^^ ^"^'"9 -mperature, into the 

the surface of the copper alloy. ^ concentrated layer due to reaction of this acid and 

.n'pig' tThe mS bt^rnHS-oSr"' '° ''^ ''^^^^"^ ^^'^"''-^ with reference to Fig , 

The steefsheet mTy bi s^o -bL. tTJt ^ p^J^^^^^ TheT'^^'r T " ^^^'^^ ^ 

of pressure-bonding, sintering or castfna As a o T . ^'"^ ^ " '° '''^ "^^"^'"g ^ means 

- exposed. Hereinafte the descr", on Se concentra^ °' '"'^'^^ °' ""'"^ ^ 

to an embodiment of the present invention in ^th mfnlr ''f ""9°"^' compound and eutectic is made with regard 
understood that the effects of the hexanon« . ! J ^ """"^'^ °' '^^ '=°PP^^ ^"°V "^^^^e^. " is to be 

realzed in every embcLiment of the ore^^^^^^^^ """^^ ^' ^" '° ^"'^^ embodiment but are 

The first sub-layeT^To the cL^Per a1 ov i 1^^' - which the bearing layer comprises inventive copper alloy 

0 and the like are concen^^ed nT sVbXI sThesrp, "f"' ? ''""^ ' ""^ " ' °^ '^^^ •'^^ ^9' 
as the highly concentrated lave 4 whS fc ! ^ . . ! ^""^"'^ ^'9^'^ concentrated in the first sub-layer 3 
layer 4, a siur-basec^^Cound hex^^^^^^^^^ h " °' "^'^^'y concentrated 

compound 4a-) is preset The Jrst sub ^avt 3 t^h M " """^ ''"^^'^ ^^'^^^^^ ^= '^-^-g^nal 

contribute to enhance the seizure 'esSar^S LdhrsL seiJnr^ ' ^^^^^^onal compound 4a 

.o a level exceeding^ higher than .ha; oHhe cfnv:ntra! kellT '^'^ """'"'^^ ^""^ 

Ag.snrnre^,irr::p?i^^^^^^^^^ 

further as compared with th'e conS shol .^Fig 1 Ag Sn ani Ih irkri'^'-'^r:. t "^'^ '^"'"^ "^^^^ 
the bulk 2a and form a new sub-layer 3 Excellent Sdinn n;.;^ . ""P''^"^ ^ "^'^ '""^^ P°rt'°" o' 

time. In order to realize such concentration .hi ? Properties can. therefore, be maintained for a long period of 

sub-layer 3. The vicinity hereSTs rellTed^^^^ h ^'^^^^^t^^) "e present in the interface and vic^Sy of the 

but is from approxiSJ^SZ .om S uS.:" theTnin^o b I"'"' '^^^'""^^ °' ^" '^^ 

the lining is 20 Mm in theltoZtive b^algs Even i^q ^d'sn dZo'tV^"''^ ?V^'' "^^^ °' 

portion 2b deeper than 30 ^m from the linino surJac« ^ ! '"^ P^^'^ precipitate in a deep 

The overlay according to thrp esent TpnHon , °' '"^«"«*ve sliding bearing is not impaired, 

deposfted as 'o compensa'eThe Z se^^^^^^^^^^^ -.-P^«'"'"V not to be so thick^ 

alloy according to the present invention^ exce- ent a^^^ ^ ^he L °' 



35 



40 
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the overlay contains Sn. it is not necessary to interpos the Ni barrier between the overlay and lining. This is advan- 
tageous because seizure du to exposure of the Ni barrier does not occur when th overlay wears off. However, when 
the machining accuracy of the opposite shaft is low and henc a thick overlay is to be used, a NI barrier may be formed 
to prevent the Sn diffusion. 

The present invention is hereinafter described with reference to Examples. 

Example 1 

The atomized powder (150 nm or less of the particle diameter, melt-cooling speed - 1000*C/sec) of copper alloy 
having the compositions shown in Table 3 was dispersed on the 1 .5 mm thick steel sheet (SPCC) so that the thickness 
of dispersed powder amounts to 2 mm. Sintering was then carried out at 850°C for 35 minutes in hydrogen-gas at- 
mosphere. Subsequently, rapid cooling at a speed of 50'*C/minute or more was carried out for the inventive examples, 
while the cooling was carried out at a speed of 8**C/minute for the comparative examples. The rolling (thickness- 
reduction ratio was 57%) was then carried out. Materials in bimetal form for the bearing were, therefore, produced. 
The produced sintered layer was 0.3 mm thick. 



Table 3 





Composition 




Sub-layer Concentrated layer (Intensity Ratio 


Seizure 


Remarks 












with respect to Bulk) 


Load (kg/ 




















cm^) 




No. 


Cu 


In 


Ag 


P 


Sn 


Ag 


0 






22 


Bal 


1.0 


0.1 


0.08 


1.4 


1.4 


2.0 


900 


inventive 


23 


Bal 


2.0 


2.1 


0.2 


1.6 


3.8 


2.5 


950 


inventive 


24 


Bal 


10.0 


0.1 


0.2 


1.6 


3.8 


2.5 


930 


inventive 


25 


Bal 


9.0 


1.9 


0.09 


3.0 


3.2 


4.0 


960 


inventive 


26 


Bal 




1.0 


0.1 




1.0 


1.0 


400 


comparative 


27 


Bal 


5.0 




0.08 


1.0 




1.0 


300 


comparative 


28 


Bal 


4.0 


1.5 


0.2 


1.0 


1.0 


1.0 


300 


comparative 



The intensity ratio of the sub-layer (concentrated layer) is the Auger analysis value of the sub-layer relative to the 
same value of the interior in the sintered layer (bulk). 

Before the seizure test of the inventive sample No. 24 and the comparative sample 28, the X-ray diffraction meas- 
urement was carried out under the condition of Cu tube, 300 kV and 150 mA. The respective results are shown in Fig. 
4 (enlarged view in Fig. 6) and Fig. 5 (enlarged view in Fig. 7). In the structure of Comparative Sample 7. in addition 
to the Cu peaks, the peaks of Ag, the Cu solid solution with Ag and Sn as solutes, and the secondary phases, such 
as Cu-Sn intermetallic compound and Ag, are detected. Contrary to this, in Figs. 4 and 6 only peaks of Cu are detected. 

The bimetal materials were worked into the specimens for the seizure test described with reference to Fig. 2, and 
subjected to the pin-on disc type seizure test. The seizure load was obtained. The surface of the specimens, which 
were seized, was measured by the Auger analysis method so as to measure the surface concentration. The results 
are shown in Table 3. 

It is apparent from Figs. 4 through 7 and Table 3 that the additive elements are concentrated during sliding in the 
surface layer of the copper alloys having only the solid solution structure, while no such concentration occurs in the 
copper alloys having the solid solution and the secondary phase structure. The seizure resistance of the latter alloys 
is therefore low. 

Example 2 

The bimetal materials were produced by the method of Example 1. A Pb-Sn-Cu plating layer is then formed on 
the lining by using an electroplating fluoride bath. In plating was then formed by the electroplating method, followed 
by diffusion at 150°C for 40 minutes. In the preliminary experiment, it was confirmed that Ag and Sn of the inventive 
alloys shown in Table 4 were retained in the Cu solid solution and were not separated as the secondary phase after 
the heat treatment at 150'*C for 40 minutes . 

The composition of copper alloys, and composition and thickness of the overlays are shown in Table 4. 

The b arings having the construction shown in Table 4 were t sled in an actual machin under th following 
conditions. 
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Engine: L4 - 2 Irt r Diesel Engine (equipped with turbochar qer) 
Rotation Number 4000 rpm 
Unit Load of Bearing; 70 MPa 
Lubrication Oil: CDIOW-30 CD Grade 
Inlet Temperature of Oil: ^25°C 
Testing Time: 400 hours 
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Surface State After 
400h 


o o o o o o 


X X X X 


Wear Amount 
(mg) 


CM in ^ 00 CO ^ 

CO CO CO CO CO CO 


Seizure at 350h 
Seizure at 350h 
105 
180 


Thickness of 
Overaly (|im) 


in CO in CO 


o o o o 

CM CM CM CM 


Overlay Components (wt7o) 


Cu 


CM CM CM CM CM CM 


CM CM CM CM 


c 




1^ 


Sn 


o o o o o o 


o o o o 


Pb 


CO (0 CD CO CO CO 
CD m <T) CD CD 


CO CO CO CO 
00 CD CD CD 


Ni Plating 


none 
none 
none 
none 
none 
none 


none 
none 
present 
present 


onents (wt7o) 


Q_ 


0.12 

0.1 

0.08 

0.2 

0.1 

0.15 


0.03 
0.04 
0.03 
0,04 


Pb 




in in in m 

^ CM ^ CM 


Sn 


CD m CO CO 


in in to in 


) Comp 


cn 
< 


CD CM in in in 

d o ^ CD 




Lininc 


O 


i5 iS iS iS iS iS 

CD CO CD CO CD CD 


CO CO CO CO 
CD CO CD CD 


No. 


C7> O 1— CM CO ^ 
CM CO CO CO CO CO 


in CO 1^ 03 

CO CO CO CO 




Inventive 
Examples 


Comparative 
Examples 
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Example 3 

The method of Example 1 was carried out to produce the bimetal bearings, the copper alloy of which had the 
composition shown in Table 5. 



Table 5 



Nos. 




Composition (wl%) 




Sub-layer Concentrated Layer 


Seizure 


Remarks 














(Intensity Ratio with respect to 


Load 
















Bulk) 






(kg/ 
cm^) 






Cu 


Ag 


Sn 


P 


Others 


Ag 


Sn 


Others 






39 


Bal 


1 


6 


0.1 


_ 


1.6 


2.1 




950 


inventive 


40 


Bal 


0.8 


3.5 


0.05 


Al=1.2 


1.4 


1.8 


Al=1.7 


920 


inventive 


41 


Bal 




4 




ln=4 






In— 
II 1 — 


850 


inventive 


42 


Bal 


1.4 






fs/lg-3 


1.8 




Mg=1.4 


880 


inventive 


43 


Bal 


1 


5 


0.1 


Sb=i6 


1.5 


2.0 


Sb=2.2 


920 


inventive 


44 


Bal 




3 


0.01 


Cd=6 


1.4 


- 


Cd=1.8 


900 


inventive 


45 


Bal 


1 


7 


0.15 


Sbi=4 


1.6 


2.8 


Sb=2.0 


940 


inventive 


46 


Bal 


- 


4 


0.08 


ln=:5 
Cd=7 


- 


2.1 


ln=2.4 
Cd=2.3 


920 


inventive 


47 


Bal 


0.03 


0.07 




- 


3.3 


1.4 




820 


inventive 


48 


Bal 


2 


6 


0.1 




2 1 


4.6 


- 


950 


inventive 


49 


Bat 


0.1 


0.5 


- 


In^l.O 


3.0 


1,4 


In=1.2 


860 


inventive 


50 


Bal 


4 


- 


- 


ln=6 


4.1 


- 


In=4.4 


900 


inventive 


51 


Bal 


1 


3 


0.05 


ln=:0.1 

SbzrO.I 

Ai— n ncn 
Cd=0.1 


2.1 


1.2 


ln^O.4 
Sb=:0.2 
Ai=0.1 
Cd=0. 1 


870 


inventive 


52 


Bal 


4 


8 


0.5 




4.8 


4.7 




820 


inventive 


53 


Bal 


1 




0.1 


ln=6 


1.0 






420 


comparative 


54 


Bal 




3 


0.11 


ln=3 




1.0 


lnr:i.O 


380 


comparative 


55 


Bal 


1.5 




0.08 


Cd=6 


1.0 




Cd=1.0 


380 


comparative 


56 


Bal 


1.3 




0.05 


Mg=4 


1.0 




Mg=1.0 


420 


comparative 


57 


Bal 


6 




0.15 


ln=4 
Sb=4 


1.0 




In^l.O 
Sb=1.0 


400 


comparative 


58 


Bal 


1 


5 


0.1 




1.0 


1.2 




450 


comparative 


59 


Bal 




10 




Pb=10 




8.9 


Pb=9.8 


400 


comparative 


60 


Bal 




5 




Pbi=24 




4.7 


Pb=21.8 


470 


comparative 



Sample No. 24 of Table 5 was subjected after sliding for 20 hours to the X-ray diffraction of the surface layer. The 
result is shown in Fig. 8. Its magnification at the intensity level of SOOcps or less is shown in Fig. 9. However, the noise 
signals were not exactly but roughly shown. 

According to ASTM X-ray diffraction data of hexagonal AggSn (4-0800, MINOR CORRECTION edition), d = 2.29 
nm. l/li = 100. d =2.39 nm. I/I, =r 80. d = 1.76 nm, I/I, = 80, d =2.36 nm. I/I, = 60. The measure data well coincide to 
these standard data. It can therefor be recognized that e- AgsSn is formed in the sub-layer. Peaks for the metallic Cu 
crystals and Ag crystals are also shown in Figs. 8 and 9. which are reflections from the regions 3 and 4. 

As is described hereinabove, the present invention can fundamentally solve the problems which the conventional 
sliding bearings encounter. Therefore, it is expected that the conventional kelmet used as the parts of an intemal 
combustion engine and the like is replaced with the inventive bearings. 
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Claims 

1. A copper alloy having improved seizure resistance, characterized in that the alloy contains in a Cu matrix at least 
one element selected from the group consisting of Ag, Sn. Sb, In, Mn, Fe, Bi, Zn, Ni and Cr which are essentialy 
in a solid solution state, the balance of said at least one element being Cu and unavoidable impurities. 

2. A copper alloy according to claim 1 , wherein the total amount of said at least one element is 0. 1 % by weight or more. 

3. A copper alloy according to claim 1 or 2, wherein said at least one element is the solute element in said Cu matrix 
in a non-equilibrium state. 

4. A copper alloy according to any one of claims 1 through 4. wherein said alloy further contains from 0.01 to 0.5% 
by weight of P. 

5. A sliding bearing comprising a bearing layer (2), characterized in that the bearing layer (2) comprises a copper 
alloy containing at least one element selected from the group consisting of Ag. Sn. Sb. In, Mn. Fe, Bi. Zn, Ni and 
Cr, and is bonded on a metal backing (1) or in a solid form, and said at least one element is in essential solid- 
solution state in at least a portion (2a) of the bearing layer, facing a shaft. 

6. A sliding bearing according to claim 5. wherein the total amount of said at least one element is 0.1% by weight or 
more. 

7. A sliding bearing according to claim 5 or 6. wherein said at least one element is in a non-equilibrium state in said 
portion (2a). 

8. A sliding bearing according to any one of claims 5 through 7, wherein said alloy further contains from 0.01 to 0.5% 
by weight of P. 

9. A sliding bearing according to any one of claims 5 through 8. characterized in that said bearing layer (2) comprises; 
a first sub-layer (3) on a side facing a shaft, in which said at least one element is concentrated or form a hexagonal 
compound or an eutectic (4a). which may contain Cu; and. said one portion (2a) is a second sub-layer (2a), which 
is contiguous to the first sub-layer (3). extends in the vicinity of the first sub-layer (3) and contains said at least 
one element in essential solid solution state. 

10. A sliding bearing according to any one of claims 5 through 9, comprising an overlay having a thickness of from 1 
to 25 ^im. 

11. A sliding bearing according to claim 8, characterized in that said overlay is directly bonded on the bearing layer(2). 

12. A sliding bearing according to claim 1 , wherein said first sub-layer (3) further contains at least one element selected 
from the group consisting of O and S. 
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Fig. 1 
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Fig. 3 
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